PART 

UNDERSTANDING 
THE EVIDENCE 


CHAPTER 2 

Diagnostic Accuracy of 
Physical Findings 


KEY TEACHING POINTS 

Likelihood ratios (LRs) are nothing more than diagnostic weights, numbers 
that quickly convey to clinicians how much a physical sign argues for or against 
disease. 

LRs have possible values between 0 and oo. Values greater than I increase 
the probability of disease. (The greater the value of the LR, the greater the 
increase in probability.) LRs less than I decrease the probability of disease. (The 
closer the number is to zero, the more the probability of disease decreases.) 
LRs that equal I do not change the probability of disease at all. 

LRs of 2, 5, and 10 increase the probability of disease about 15%, 30%, and 
45%, respectively (in absolute terms). LRs of 0.5, 0.2, and 0.1 (i.e., the recip¬ 
rocals of 2, 5, and 10) decrease probability 15%, 30%, and 45%, respectively. 
Tables comparing LRs of different physical signs quickly inform clinicians about 
which findings have the greatest diagnostic value. 


I. INTRODUCTION 

If a physical sign characteristic of a suspected diagnosis is present (i.e., positive 
finding), that diagnosis becomes more likely; if the characteristic finding is absent 
(i.e., negative finding), the suspected diagnosis becomes less likely. How much 
these positive and negative results modify probability, however, is distinct for each 
physical sign. Some findings, when positive, increase probability significantly, hut 
they change it little when negative. Other signs are more useful if they are absent, 
because a negative finding practically excludes disease, although a positive one 
changes probability very little. 
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TABLE 2.1 Pre-Test Probability 

Setting 

(Reference) Diagnosis Probability (%) 


Acute abdominal pain 1 3 Small bowel obstruction 4 

Ankle injury 4,5 Ankle fracture 10-14 

Cough and fever 6 Pneumonia 12-30 

Acute calf pain or swelling 7 15 Proximal deep vein thrombosis 13-43 

Pleuritic chest pain, dyspnea, or Pulmonary embolism 9-43 

hemoptysis 16 ' 19 

Diabetic foot ulcer 20 22 Osteomyelitis 52-68 


Much of this book consists of tables that specifically describe how positive or 
negative findings change the probability of disease, a property called diagnostic 
accuracy. Understanding these tables first requires a review of four concepts: pre~ 
test probability, sensitivity, specificity, and LRs. 


II. PRE-TEST PROBABILITY 

Pre-test probability is the probability of disease (i.e., prevalence) before application of 
the results of a physical finding. Pre-test probability is the starting point for all clinical 
decisions. For example, the clinician may know that a certain physical finding increases 
the probability of disease 40%, but this infonnation alone is unhelpful unless the clini¬ 
cian also knows the starting point: if the pre-test probability for the particular diagnosis 
was 50%, the finding is diagnostic (i.e., post-test probability 50% + 40% = 90%); if the 
pre-test probability was only 10%, the finding is less helpful, because the probability of 
disease is still akin to a coin toss (i.e., post-test probability 10% + 40% = 50%). 

Published estimates of disease prevalence, given a particular clinical setting, are 
summarized in the Appendix for all clinical problems discussed in this book. (These 
estimates derive from clinical studies reviewed in the EBM Boxes.) Table 2.1 provides 
a small sample of these pre-test probabilities. Even so, clinicians must adjust these 
estimates with information from their own practice. For example, large studies based 
in emergency departments show that 12% to 35% of patients presenting with cough 
and fever have pneumonia (see Table 2.1). The probability of pneumonia, however, 
is certainly lower in patients presenting with cough and fever to an office-based prac¬ 
tice, and it may be higher if cough and fever develops in patients with cancer or 
human immunodeficiency virus (HIV) infection. In fact, because the best estimate of 
pre-test probability incorporates information from the clinician’s own practice—how 
specific underlying diseases, risks, and exposures make disease more or less likely—the 
practice of evidence-based medicine is never “cookbook” medicine, but instead con¬ 
sists of decisions based on the unique characteristics of the patients the clinician sees. 


III. SENSITIVITY AND SPECIFICITY 

A. DEFINITIONS 

The terms sensitivity and specificity are used to describe the discriminatory power of 
physical signs. Sensitivity is the proportion of patients with the diagnosis who have the 
physical sign (i.e., have the positive result). Specificity is the proportion of patients 
without the diagnosis who lack the physical sign (i.e., have the negative result). 
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Significant tricuspid regurgitation: 


Present Absent 


Holosystolic murmur: 

Present 

22 

a 
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20 

55 


ni 

n 2 


42 

58 


FIG. 2.1 2x2 TABLE. The total number of patients with disease (tricuspid regurgitation in this 

example) is the sum of the first column, or n | = a + c. The total number of patients without disease 
is the sum of the second column, or n 2 = b + d. The sensitivity of a physical finding (holosystolic 
murmur at the left lower sternal edge, in this example) is the proportion of patients with disease 
who have the finding [i.e., o/(o + c), or a/n | ]. The specificity of a physical finding is the proportion of 
patients without disease who lack the finding [i.e., d/(b + d), or d/n |], The positive LR is the propor¬ 
tion of patients with disease who have a positive finding (a/n |) divided by the proportion of patients 
without disease who have a positive finding ( b/n 2 ), or sensitivity/( I — specificity). The negative LR 
is the proportion of patients with disease who lack the finding (c/n|) divided by the proportion of 
patients without disease who lack the finding (d/n |), or (I — sensitivity)/specificity. In this example, 
the sensitivity is 0.52 (22/42), the specificity is 0.95 (55/58), the positive LR is 10.1 [(22/42)/(3/58)], 
and the negative LR is 0.5 [(20/42)/(55/58)]. 


The calculation of sensitivity and specificity requires the constmction of a 2 x 
2 table (Fig. 2.1) that has two columns (one for “diagnosis present” and another for 
“diagnosis absent”) and two rows (one for “physical sign present” and another for 
“physical sign absent”). These rows and columns create four boxes: one for the “true 
positives” (cell a, sign and diagnosis present), one for the “false positives” (cell b, 
sign present but disease absent), one for the “false negatives” (cell c, sign absent but 
disease present), and one for the “true negatives” (cell d, sign and disease absent). 

Fig. 2.1 presents data from a hypothetical study of 100 patients presenting 
with pulmonary hypertension. The clinician knows that tricuspid regurgitation is 
a complication of pulmonary hypertension and wonders how accurately a single 
physical sign—the presence of a holosystolic murmur at the left lower sternal bor¬ 
der—detects this complication.* In this study, 42 patients have significant tricuspid 
regurgitation (the sum of column 1) and 58 patients do not (the sum of column 2). 
The sensitivity of the holosystolic murmur is the proportion of patients with disease 


*The numbers used in this example are very close to those given in reference 23. See also 
Chapter 46. 
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(i.e., tricuspid regurgitation, 42 patients) who have the characteristic murmur (i.e., 
the positive result, 22 patients), which is 22/42 = 0.52 or 52%. The specificity of 
the holosystolic murmur is the proportion of patients without disease (i.e., no tri- 
cusp id regurgitation, 58 patients) who lack the murmur (i.e., the negative result, 55 
patients), which is 55/58 = 0.95 or 95%. 

To recall how to calculate sensitivity and specificity, Sackett and others have 
suggested helpful mnemonics: Sensitivity is represented as “PID” for “positivity in 
disease” (an abbreviation normally associated with “pelvic inflammatory disease”), 
and specificity is represented as “NIH” for “negativity in health” (an abbreviation 
normally associated with the “National Institutes of Health”).^' 25 

B. USING SENSITIVITY AND SPECIFICITY TO DETERMINE 
PROBABILITY OF DISEASE 

The completed 2x2 table can be used to determine the accuracy of the holosystolic 
murmur, which is how well its presence or absence discriminates between those with 
tricuspid regurgitation and those without it. In Fig. 2.1, the first row includes all 25 
patients with the murmur (i.e., the positive results). Of these 25 patients, 22 have tri¬ 
cuspid regurgitation; therefore the probability of tricuspid regurgitation if the murmur 
is present (positive finding) is 22/25 or 88% (i.e., the “post-test probability” if the mur¬ 
mur is present). The second row includes all 75 patients without the murmur. Of these 
75 patients, 20 have tricuspid regurgitation; therefore, the post-test probability of tri¬ 
cuspid regurgitation if the murmur is absent (i.e., negative finding) is 20/75 or 27%. 

In this example, the pre-test probability of tricuspid regurgitation is 42%. The 
presence of the murmur (positive result) increases the probability of disease consid¬ 
erably more (i.e., 46%, from 42% to 88%) than the absence of the murmur (negative 
result) decreases it (i.e., 15%, from 42% to 27%). This illustrates an important prop¬ 
erty of physical signs with a high specificity: when present, physical signs with high 
specificity greatly increase the probability of disease. A corollary to this applies to find¬ 
ings with high sensitivity: when absent, physical signs with a high sensitivity greatly 
decrease the probability of disease. The holosystolic murmur has a high specificity 
(95%) but only a meager sensitivity (52%), meaning that, at the bedside, a positive 
result (the presence of a murmur) has greater diagnostic importance than a nega¬ 
tive result (the absence of a murmur). The presence of the characteristic murmur 
argues compellingly for tricuspid regurgitation, but its absence is less helpful, simply 
because many patients with significant regurgitation lack the characteristic murmur. 

Sackett and others have suggested mnemonics for these characteristics as well: 
“SpPin” (i.e., a Specific test, when Positive, rules in disease) and “SnNout” (i.e., a 
Sensitive test, when Negative, rules out disease). 25 


IV. LIKELIHOOD RATIOS 

LRs, like sensitivity and specificity, describe the discriminatory power of physical 
signs. Although they have many advantages, the most important is how simply and 
quickly they can be used to estimate post-test probability. 

A. DEFINITION 

The LR of a physical sign is the proportion of patients with disease who have a par¬ 
ticular finding divided by the proportion of patients without disease who also have 
the same finding. 


Probability of finding in patients with disease 
Probability of the same finding in patients without disease 
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The adjectives positive or negative indicate whether that LR refers to the pres¬ 
ence of the physical sign (i.e. positive result) or to the absence of the physical sign 
(i.e., the negative result). 

A positive LR, therefore, is the proportion of patients with disease who have a 
physical sign divided by the proportion of patients without disease who also have 
the same sign. The numerator of this equation—the proportion of patients with 
disease who have the physical sign—is the sign’s sensitivity. The denominator—the 
proportion of patients without disease who have the sign—is the complement of 
specificity, or (1 - specificity). Therefore, 


(sens) 

Positive LR=- 

(I — spec) 


In our hypothetical study (see Fig. 2.1), the proportion of patients with tricuspid 
regurgitation who have the murmur is 22/42, or 52.4% (i.e., the finding’s sensitiv¬ 
ity), and the proportion of patients without tricuspid regurgitation who also have 
the murmur is 3/58, or 5.2% (i.e., 1 - specificity). The ratio of these proportions 
[i.e., (sensitivity)/(1 - specificity)] is 10.1, which is the positive LR for a holosys- 
tolic murmur at the lower sternal border. This number indicates that patients with 
tricuspid regurgitation are 10.1 times more likely to have the holosystolic murmur 
than those without tricuspid regurgitation. 

Similarly, the negative LR is the proportion of patients with disease lacking a 
physical sign divided by the proportion of patients without disease also lacking the 
sign. The numerator of this equation—the proportion of patients with disease 
lacking the finding—is the complement of sensitivity, or (1 - sensitivity). The 
denominator of the equation—the proportion of patients without disease lacking 
the finding—is the specificity. Therefore, 


., , „ (I - sens) 

Negative LR=- 

(spec) 


In our hypothetical study, the proportion of patients with tricuspid regurgitation 
lacking the murmur is 20/42, or 47.6% (i.e., 1 - sensitivity), and the proportion of 
patients without tricuspid regurgitation lacking the murmur is 55/58, or 94.8% (i.e., 
the specificity). The ratio of these proportions [i.e., (1 - sensitivity)/(specificity)] is 
0.5, which is the negative LR for the holosystolic murmur. This number indicates 
that patients with tricuspid regurgitation are 0.5 times less likely to lack the murmur 
than those without tricuspid regurgitation. (The inverse statement is less confusing: 
patients without tricuspid regurgitation are 2 times more likely to lack a murmur 
than those with tricuspid regurgitation.) 

Although these formulas are difficult to recall, the interpretation of LRs is 
straightforward. Findings with LRs greater than 1 increase the probability of dis¬ 
ease; the greater the LR, the more compelling the argument for disease. Findings 
whose LRs lie between 0 and 1 decrease the probability of disease; the closer the 
LR is to zero, the more convincing the finding argues against disease. Findings 
whose LRs equal 1 lack diagnostic value because they do not change probability 
at all. “Positive LR” describes how probability changes when the finding is present. 
“Negative LR” describes how probability changes when the finding is absent. 

LRs, therefore, are nothing more than diagnostic weights, whose possible values 
range from 0 (i.e., excluding disease) to infinity (i.e., pathognomic for disease; Fig. 2.2). 
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LRs = Diagnostic Weights 
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FIG. 2.2 LIKELIHOOD RATIOS AS DIAGNOSTIC WEIGHTS. The relationship between a 
specific physical sign and a specific disease is described by a unique number—its likelihood ratio— 
which is nothing more than a diagnostic weight describing how much that sign argues for or against 
that specific disease. The possible values of LRs range from zero to infinity (°°). Findings with LRs 
greater than I argue for the specific disease (the greater the value of the LR, the more the prob¬ 
ability of disease increases). Findings with LRs less than I argue against the disease (the closer the 
number is to zero, the more the probability of disease decreases). LRs that equal I do not change 
probability of disease at all. 


B. USING LIKELIHOOD RATIOS TO DETERMINE 
PROBABILITY 

The clinician can use the LR of a physical finding to estimate probability of disease 
in three ways: (1) by using graphs or other easy-to-use nomograms, 2(1 ’ 1 (2) by using 
bedside approximations, or (3) by using formulas. 

I. USING GRAPHS 

A. PARTS OF THE GRAPH 

Fig. 2.3 is an easy-to-use graph that illustrates the relationship between pre-test 
probability (x-axis) and post-test probability (y-axis), given the finding’s LR. The 
straight line bisecting the graph into an upper left half and a lower right half indi¬ 
cates an LR of 1, which has no discriminatory value because, for findings with this 
LR, post-test probability always equals pre-test probability. Physical findings that 
argue for disease (i.e., LRs >1) appear in the upper left half of the graph; the larger 
the value of the LR, the more the curve approaches the upper left corner. Physical 
findings that argue against disease (i.e., LRs < 1) appear in the lower right half of the 
graph: the closer the LR is to zero, the more the curve approaches the lower right 
comer. 

In Fig. 2.3, the three depicted curves with LRs greater than 1 (i.e., LR = 2, 5, and 
10) are mirror images of the three curves with LRs less than 1 (i.e., LR = 0.5, 0.2, 
and 0.1). (This assumes the “mirror” is the line LR = 1.) This symmetry indicates 
that findings with an LR of 10 argue as much for disease as those with an LR = 0.1 
argue against disease (although this is true only for the intermediate pre-test prob¬ 
abilities). Similarly, LR = 5 argues as much for disease as LR = 0.2 argues against it, 
and LR = 2 mirrors LR = 0.5. Keeping these companion curves in mind will help 
the clinician interpret the LRs throughout this book. 1 


1 These companion pairs are easy to recall because they are inversely related: the inverse of 10 
is 1/10 = 0.1; the inverse of 5 is 1/5 = 0.2; the inverse of 2 is 1/2 = 0.5. 
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Pre-test probability 

FIG. 2.3 PROBABILITY AND LIKELIHOOD RATIOS. The curves describe how pre-test 
probability (x-axis) relates to post-test probability (y-axis), given the likelihood ratio (LR) for the phys¬ 
ical finding. Only the curves for seven likelihood ratios are depicted (from LR = 0.1 to LR = 10). 


If a finding has an LR other than one of these depicted seven curves, its position 
can be estimated with little loss in accuracy. For example, the curve for LR = 4 lies 
between LR = 5 and LR = 2, though it is closer to LR= 5 than it is to LR = 2. 

B. USING THE GRAPH TO DETERMINE PROBABILITY 
To use this graph, the clinician identifies on the x-axis the patient’s pre-test prob¬ 
ability, derived from published estimates and clinical experience, and extends a line 
upward from that point to meet the LR curve for the physical finding. The clinician 
then extends a horizontal line from this point to the y-axis to identify post-test 
probability. 

Fig. 2.4 depicts this process for the lower sternal holosystolic murmur and tri¬ 
cuspid regurgitation. The pre-test probability of tricuspid regurgitation is 42%. If 
the characteristic murmur is present (positive LR = 10), a line is drawn upward 
from 0.42 on the x-axis to the LR =10 curve; from this point, a horizontal line is 
drawn to the y-axis to find the post-test probability (88%). If the murmur is absent 
(negative LR = 0.5), the post-test probability is the y-value where the vertical line 
intersects the LR = 0.5 curve (i.e., a post-test probability of 27%). 
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Pre-test probability 


C/) 

o 
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Pre-test probability 

FIG. 2.4 PROBABILITY AND LIKELIHOOD RATIOS: PATIENTS WITH PULMONARY 
HYPERTENSION. In our hypothetical clinician’s practice, 42% of patients with pulmonary hyper¬ 
tension have the complication of tricuspid regurgitation (i.e., pre-test probability is 42%). To use the 
curves, the clinician finds 0.42 on the x-axis and extends a line upward. The post-test probability 
of tricuspid regurgitation is read off the y-axis where the vertical line intersects the cun/e of the 
appropriate LR. The probability of tricuspid regurgitation if a holosystolic murmur is present at the 
left lower sternal edge (LR = 10.1) is 88%; the probability if the finding is absent (LR = 0.5) is 27%. 


These curves illustrate an additional important point: physical signs are diag- 
nostically most useful when they are applied to patients who have pre-test prob¬ 
abilities in the intermediate range (i.e., 20% to 80%), because in this range, the 
different LR curves diverge the most from the LR = 1 curve (thus significantly 
increasing or decreasing probability). If instead the pre-test probability is already 
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LRs = Diagnostic Weights 
Probability 

Decrease Increase 
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FIG. 2.5 APPROXIMATING PROBABILITY. Clinicians can estimate changes in probability by 
recalling the LRs 2, 5, and 10 and the first 3 multiples of 15 (i.e., 15, 30, and 45). A finding whose 
LR is 2 increases probability about 15%, one of 5 increases it 30%, and one of 10 increases it 45% 
(these changes are absolute increases in probability). LRs whose values are 0.5, 0.2, and 0.1 (i.e., 
the reciprocals of 2, 5, and 10) decrease probability 15%, 30%, and 45%, respectively. Throughout 
this book, LRs with values >3 or <0.3 (represented by the shaded part of the diagnostic weight 
“ruler”) are presented in boldface type to indicate those physical findings that change probability suf¬ 
ficiently to be clinically meaningful (i.e., they increase or decrease probability at least 20% to 25%). 


very low or very high, all the LR curves cluster close to the line LR = 1 curve 
in either the bottom left or upper right corners, thus with only a relatively small 
impact on probability. 

2. APPROXIMATING PROBABILITY 

The clinician can avoid using graphs and instead approximate post-test probabil¬ 
ity by remembering the following two points: First, the companion LR curves in 
Fig. 2.3 are LR = 2 and LR = 0.5, LR = 5 and LR = 0.2, and LR = 10 and LR = 
0.1. Second, the first three multiples of 15 are 15, 30, and 45. Using this rule, the 
LRs of 2, 5, and 10 increase probability about 15%, 30%, and 45%, respectively 
(Fig. 2.5). The LRs of 0.5, 0.2, and 0.1 decrease probability by about 15%, 30%, 
and 45%, respectively.' These estimates are accurate to within 5% to 10% of the 
actual value, as long as the clinician rounds estimates over 100 to an even 100% 
and estimates below zero to an even 0%. 

Therefore, in our hypothetical patient with pulmonary hypertension, the find¬ 
ing of a holosystolic murmur (LR = 10) increases the probability of tricuspid regur¬ 
gitation from 42% to 87% (i.e., 42% + 45% = 87%, which is only 1% lower than 
the actual value). The absence of the murmur (LR = 0.5) decreases the probability 
of tricuspid regurgitation from 42% to 27% (i.e., 42% - 15% = 27%, which is iden¬ 
tical to actual value). 

Table 2.2 summarizes similar bedside estimates for all LRs between 0.1 and 10.0. 

3. CALCULATING PROBABILITY 

Post-test probability can also be calculated by first converting pre-test probability 
(P pre ) into pre-test odds (O pre ): 


Opre 


' pre 

( I - Ppre) 


The pre-test odds (O pre ) is multiplied by the LR of the physical sign to deter¬ 
mine the post-test odds (O post ): 

Opost = Opre X LR 
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TABLE 2.2 Likelihood Ratios and Bedside Estimates 

Likelihood Ratio Approximate Change in Probability 


0.1 

0.2 

0.3 

0.4 

0.5 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


-45% 

-30% 

-25% 

- 20 % 

- 15 % 

No change 
+ 15 % 

+ 20% 

+ 25% 

+ 30% 

+ 35% 

+40% 

+45% 


*These changes describe absolute increases or decreases in probability. For example, a patient with a 
pre-test probability of 20% and physical findings whose LR is 5 would have a post-test probability 
of 20% + 30% = 50%. The text describes how to easily recall these estimates. 

Based upon reference 28. 


The post-test odds (O post ) converts back to post-test probability (P post ), using 


D _ 

' post 

( I + Opost) 


Therefore, in our hypothetical example of the patients with pulmonary hyperten¬ 
sion, the pre-test odds for tricuspid regurgitation would be [(0.42)/( 1 - 0.42)], or 0.72. 
If the murmur is present (LR = 10), the post-test odds would be [0.72 x 10], or 7.2, 
which translates to a post-test probability of ](7.2)/(l + 7.2)], or 0.88 (i.e., 88%). If the 
murmur wave is absent (LR = 0.5), the post-test odds would be [0.72 x 0.5], or 0.36, 
which translates to a post-test probability of [(0.36)/( 1 + 0.36)], or 0.27 (i.e., 27%). 

Clinical medicine, however, is rarely as precise as these calculations suggest, and for 
most decisions at bedside, the approximations described earlier are more than adequate. 

C. ADVANTAGES OF LIKELIHOOD RATIOS 

1. SIMPLICITY 

In a single number, the LR conveys to clinicians how convincingly a physical sign 
argues for or against disease. If the LR of a finding is large, disease is likely, and if the 
LR of a finding is close to zero, disease is doubtful. This advantage allows clinicians 
to quickly compare different diagnostic strategies and thus refine clinical judgment. 28 

2. ACCURACY 

Using LRs to describe diagnostic accuracy is superior to describing it in terms of 
sensitivity and specificity, because the previously explained mnemonics, SpPin 
and SnNout, are sometimes misleading. For example, according to the mnemonic 
SpPin, a finding with a specificity of 95% should argue conclusively for disease, but 
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TABLE 2.3 Breath Sound Intensity and Chronic Airflow Limitation 
Breath Sound Score Likelihood Ratio 


9 or less 10.2 

10-12 3.6 

13-15 NS 

>15 0.1 


NS, not significant. 

Based upon references 29 and 30. 


it does so only if the positive LR for the finding is a high number. If the finding’s 
sensitivity is 60%, the positive LR is 12 and the finding argues convincingly for 
disease (i.e., consistent with the SpPin mnemonic); if the finding’s sensitivity is 
only 10%, however, the positive LR is 2 and the post-test probability changes only 
slightly (i.e., inconsistent with SpPin mnemonic). Similarly, a highly sensitive find¬ 
ing argues convincingly against disease when absent (i.e., SnNout) only when its 
calculated negative LR is close to zero. 

3. LEVELS OF FINDINGS 

Another advantage of LRs is that a physical sign measured on an ordinal scale (e.g., 
0, 1 + , 2+, 3 + ) or continuous scale (e.g., blood pressure) can be categorized into dif¬ 
ferent levels to determine the LR for each level, thereby increasing the accuracy of 
the finding. Other examples include continuous findings such as heart rate, respira¬ 
tory rate, temperature, and percussed span of the liver, and ordinal findings such as 
intensity of murmurs and degree of edema. 

For example, in patients with chronic obstructive lung disease (i.e., emphysema, 
chronic bronchitis), breath sounds are typically faint. If the clinician grades the 
intensity of breath sounds on a scale from 0 (absent) to 24 (very loud), based on 
the methods discussed in Chapter 30, 29 ’- u he or she can classify the patient’s breath 
sounds into one of four groups: scores of 9 or less (very faint), 10 to 12, 13 to 15, or 
greater than 15 (loud). Each category then has its own LR (Table 2.3); scores of 9 or 
less significantly increase the probability of obstructive disease (LR = 10.2), whereas 
scores greater than 15 significantly decrease it (LR = 0.1). Scores from 10 to 12 argue 
somewhat for disease (LR = 3.6), and scores from 13 to 15 provide no diagnostic 
information (LR not significantly different from 1). If the clinician instead identifies 
breath sounds as simply “faint” or “normal/increased” (i.e., the traditional positive or 
negative finding), the finding may still discriminate between patients with and with¬ 
out obstructive disease, but it misses the point that the discriminatory power of the 
sign resides mostly with scores less than 10 and greater than 15. 

When findings are categorized into levels, the term specificity becomes meaning¬ 
less. For example, the specificity of a breath sound score of 13 to 15 is 80%, which 
means that 80% of patients without chronic airflow limitation have values other 
than 13 to 15, though the “80%” does not convey whether most of these other 
values are greater than 15 or less than 13. Similarly, when findings are put in more 
than two categories, the LR descriptor negative is no longer necessary, because all 
LRs are positive for their respective category. 

4. COMBINING FINDINGS 

A final advantage of LRs is that clinicians can use them to combine findings, which 
is particularly important for those physical signs with positive LRs around 2 or nega¬ 
tive LRs around 0.5, signs that by themselves have little effect on probability but 
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when combined have significant effects on probability. Individual LRs can be com- 
bined—however, only if the findings are “independent.” 

A. INDEPENDENCE OF FINDINGS 

Independence means that the LR for the second finding does not change once the 
clinician determines whether the first finding is present or absent. For some select 
diagnostic problems, investigators have identified which findings are independent 
of each other. These findings appear as components of “diagnostic scoring schemes” 
in the tables throughout this book (e.g., Wells score for deep venous thrombosis). 

For most physical findings, however, very little information is available about inde¬ 
pendence, and the clinician must judge whether combining findings is appropriate. 

One important indication is that most independent findings have unique patho¬ 
physiology. For example, when considering pneumonia in patients with cough and 
fever, the clinician could combine the findings of abnormal mental status and 
diminished breath sounds, using the individual LR of each finding because abnor¬ 
mal mental status and diminished breath sounds probably have separate patho¬ 
physiology. Similarly, when considering heart failure in patients with dyspnea, the 
clinician could combine the findings of elevated neck veins and the third heart 
sound because these findings also have different pathophysiology. 

Examples of findings whose individual LRs should not be combined (because the 
findings share the same pathophysiology) are flank dullness and shifting dullness in 
the diagnosis of ascites (both depend on intra-abdominal contents dampening the 
vibrations of the abdominal wall during percussion), neck stiffness and the Kernig 
sign in the diagnosis of meningitis (both are caused by meningeal irritation), and 
edema and elevated neck veins in the diagnosis of heart failure (both depend on 
elevated right atrial pressure). 

Until more information is available, the safest policy for the clinician to follow 
when combining LRs of individual findings is to combine no more than three find¬ 
ings, all of which have distinct pathophysiology. 

B. HOW TO COMBINE FINDINGS 

The clinician can use any of the methods previously described to combine findings, 
simply by making the post-test probability from the first finding the pre-test prob¬ 
ability for the second finding. For example, a hypothetical patient with acute fever 
and cough has two positive findings that we believe have separate pathophysiology 
and therefore are independent: abnormal mental status (LR =1.9 for pneumonia) 
and diminished breath sounds (LR = 2.2 for pneumonia). The pre-test probability of 
pneumonia, derived from published estimates and clinical experience, is estimated to 
be 20%. Using the graph, the finding of abnormal mental status increases the prob¬ 
ability from 20% to 32%; this post-test probability then becomes the pre-test prob¬ 
ability for the second finding, diminished breath sounds, which increases probability 
from 32% to 51%—the overall probability after application of the two findings. Using 
the approximating rules, both findings (LRs = 2.0) increase the probability about 
15%; the post-test probability is thus 20% + 15% + 15% = 50% (an error of only 1%). 

Using formulas to calculate probability, the LRs of the separate findings are multiplied 
together and the product is used to convert pre-test into post-test odds. The product 
of the two LRs is 4.2 (1.9 x 2.2). The pre-test odds would be 0.2/0.8 = 0.25; the post- 
test odds would be 0.25 X 4.2 = 1.05, which equals a probability of 1.05/2.05 = 51%. 

The references for this chapter can be found on www.expertconsult.com. 

Please look for the © icon throughout the print book, which indicates where the 
online evidence-based calculator can be used. 
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